














































MONITORING of CONCRETE HARDENING USING  
ACOUSTO-ULTRASONIC METHOD
Ivan, GABRIJEL, UNIVERSITY OF ZAGREB, FACULTY OF CIVIL ENGINEERING,  
Zagreb, CROATIA, gabrijel@grad.hr
Dubravka, 	, UNIVERSITY OF ZAGREB, FACULTY OF CIVIL ENGINEERING,  
Zagreb, CROATIA, dubravka@grad.hr
ABSTRACT - In civil engineering practice there is often the need for estimation of compres-
sive strength of concrete during construction process and for that purpose different testing 
methods have been proposed. This paper deals with application of acousto-ultrasonic (AU) 
measurement method for monitoring of strength development process in concrete and pre-
sents outcomes of an experimental investigation on six concrete mixtures prepared with two 
types of cement and three different w/c ratios. Experimental work was conducted in Labora-
tory for materials testing at Civil Engineering Faculty in Zagreb.
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sensors are used acoustic emission sen9
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Figure 2 Experimental setup during testing
Figure 3 Comparison of waveforms obtained 





direct contact and through PELD: a) time 
domain and b) frequency content




form recorded during test for mixture BI-0.4 at 
an age of concrete 48 hours: a) time domain 
and b) frequency content
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Table 1 Concrete mix composition
Cement OPC CEM III
Mixture BI-0.4 BI-0.5 BI-0.65 BIII-0.4 BIII-0.5 BIII-0.65
w/c 0,4 0,5 0,65 0,4 0,5 0,65
Water, kg 190 190 190 190 190 190
Cement, kg 475 380 292 475 380 292
Aggregate, kg 1793 1879 1958 1764 1856 1940
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3. RESULTS AND DISCUSSION
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Figure 5 Waveforms recorded for mixture 



















































































3.1 Amplitude and strength development
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Figure 6 Compressive strength development 
measured and modeled with exponential model 
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Figure 7 Changes in the amplitude of waveform 
for samples from mix BI-0.5 and BIII-0.5: a) ab-
solute values; b) relative values and compari-
son with compressive strength development
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Figure 8 Correlation between relative amplitude 
and compressive strength for a) mixtures made 
with OPC; b) mixtures made with CEM III
Figure 9 Comparison of relative amplitude and 
















































































 W  8
 N 8 
@ 






















































































































> ' 8 ?	9%

  7
N C C 71
	
 E>	




		 < :^ @ Z ^
















































W@   	


















@ : )* ,3##*- 
24.9*#3



















AUTHORS wish to thank Croatian 
Ministry of Science Education and Sports 
	 "
 	*! 	*	 	
 *

" 	 	'   '-
rostructure of concrete”. The author would 




advisorship during this research.
M
O
N
IT
O
R
IN
G
 o
f C
O
N
C
R
ET
E 
H
A
R
D
EN
IN
G
 U
SI
N
G
 A
C
O
U
ST
O
-U
LT
R
A
SO
N
IC
 M
ET
H
O
D
